Introduction
The genus Globularia (Globulariaceae) is represented by eight species in Turkish flora (Davis, 1982) , some members of which (G. alypum, G. trichosantha) are well known in Anatolian folk medicine (Baytop, 1984; Sezik, 1991) . As part of our continuing search for bioactive new natural products from Turkish Globularia species (Calis et al., 1999 and , we investigated Globularia orientalis. Methanolic extracts of both aerial and the underground parts of this plant exhibited significant antioxidant effects, based on the scavenging activity of the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical. Bioactivity-guided isolation of the underground parts afforded a new sugar ester, globularitol (1), along with the known sucrose esters 6-O-caffeoyl--d-fructofuranosyl-(2 5 1)-α-d-glucopyranoside (2) and 6-O-feruloyl--d-fructofuranosyl-(2 5 1)-α-d-glucopyranoside (3), 10-Obenzoylcatalpol and geniposide. Activity-directed fractionation of the aerial parts, using the same antioxidant assay, furnished an acetophenone glycoside (picein), eight iridoid glycosides; asperuloside, alpinoside, aucubin, catalpol, geniposidic acid, 10-O-benzoylcatalpol, globularin, melampyroside and three phenylethanoid glycosides (calceolarioside A, verbascoside, leucosceptoside A). In this report, we describe isolation and structure 0939Ð5075/2002/0700Ð0591 $ 06.00 " 2002 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D elucidation of globularitol (1). The antioxidant activity of the isolates will also be presented.
Material and Methods

General experimental procedures
Optical rotations were measured on a Rudolph autopol IV Polarimeter using a sodium lamp operating at 589 nm. UV spectra were recorded on a Shimadzu UV-160A spectrophotometer. IR spectra (KBr) material. Gentiobiose and isomaltitol were purchased from Merck and Fluka, respectively.
Plant material
Globularia orientalis L. was collected from Ankara, Bala, Turkey, in June 1998. A voucher specimen (HUEF 98008) has been deposited at the Herbarium of the Department of the Pharmacognosy, Faculty of Pharmacy, Hacettepe University, Ankara, Turkey.
Extraction and isolation
The air-dried aerial parts (200 g) of G. orientalis were extracted with MeOH (2 ¥ 900 ml) at 45∞ C. The combined methanolic extracts were evaporated to dryness in vacuo (41 g, yield 20.5%). The crude extract was dissolved in H 2 O and partitioned against CH 2 Cl 2 . The freeze-dried H 2 O phase (36.7 g) was subjected ton vacuum liquid chromatography (VLC) over Si gel, using a CH 2 Cl 2 ÐMeOHÐH 2 O gradient system (90:10:1 to 60:40:4 v/v/v) to yield fractions AÐH. Fraction C (3.1 g) was subjected to C 18 medium pressure liquid chromatography (C 18 -MPLC) using increasing amount of MeOH in H 2 O (30Ð60%) to afford picein (10 mg), asperuloside (26 mg was purified by C 18 -MPLC using 5% stepwise gradient elution from 10% to 45% MeOH in H 2 O to obtain alpinoside (42 mg), calceolarioside A (9 mg) and verbascoside (67 mg). Leucosceptoside A (38 mg) was obtained by Si gel CC of fraction D 7 (136 mg).
The air-dried underground parts (330 g) of G. orientalis were also extracted with MeOH (2 ¥ 1500 ml) and filtered. The filtrate was concentrated to dryness in vacuo (24 g, yield 7.3%). The extract was subjected to Polyamide CC eluting with a 10% stepwise gradient from H 2 O to MeOH to give fractions AÐK. Fraction C (5.0 g) was subjected to C 18 -MPLC employing H 2 OÐMeOH mixtures (5Ð50% MeOH) and yielded eight fractions, C 1 ÐC 8 . Fraction C 2 (161 mg) was rechromatographed over Si gel eluting with CH 2 Cl 2 ÐMeOHÐ Globularitol (1) Table I .
Alkaline Hydrolysis of 1. Compound 1 (2 mg) was treated with 5% KOH in MeOH at 80 ∞C for 2 h. After neutralization with methanolic HCl (1%), the reaction mixture was evaporated to dryness. The residue was dissolved in H 2 O and extracted three times with n-BuOH. The combined n-BuOH extracts were concentrated and compared with gentiobiose ( -d-glucopyranosyl-(1 5 6)--d-glucopyranoside), isomaltitol (α-d-glucopyranosyl-(1 5 6)-glucitol) and the reduction product of gentiobiose ( -d-glucopyranosyl-(1 5 6)-glucitol (4) by TLC, using two solvent systems (CH 2 CI 2 ÐMeOHÐH 2 O, 60:40:4 and 50:50:5) and metaperiodate (sodium)-benzidine as spray reagent (Stahl, 1969) .
Preparation of -d-glycopyranosyl-(1 5 6)-glucitol (4). Gentiobiose (20 mg) was dissolved in H 2 O. 50 mg of NaBH 4 was added to this mixture and was kept overnight at room temperature. After neutralization with methanolic HCI (1%), the reaction mixture was evaporated to dryness. The residue was dissolved in H 2 O and extracted three times with n-BuOH. Evaporation of the n-BuOH phase yielded 4.
- Reduction of DPPH radical. Methanolic solutions (0.1%) of all isolates were chromatographed on a Si gel TLC plate using a CHCI 3 ÐMeOHÐH 2 O (61:32:7) solvent system. After drying, TLC plates were sprayed with a 0.2% DPPH (Fluka) solution in MeOH. Compounds showing a yellow-on-purple spot were regarded as antioxidant (Cuendet et al., 1997) .
Results and Discussion
The methanolic extract of the air-dried stocks of G. orientalis was fractionated by polyamide column chromatography (CC) followed by C 18 -MPLC and Si gel CC. Globularitol (1) was obtained as a yellowish amorphous powder. The positive-and negative ion FAB-and ESI mass spectra exhibited pseudomolecular ion peaks [M+Na] + and [MÐH] Ð at m/z 543 and m/z 519, respectively. This observation, combined with the 1 H-and 13 C-NMR data (see Table I ), indicated the molecular formula of C 22 H 32 O 14 , thus, the presence of seven degrees of unsaturation. UV absorption bands at λ max 217, 235, 295 (sh) and 323 nm indicated the phenolic nature of 1. The IR spectrum revealed absorption bands for hydroxyl (3372 cm Ð1 ), α, -unsaturated ester carbonyl (1698 cm Table I . H NMR assignments were based on gCOSY, gHSQC and gHMBC experiments. † Multiplicity of the signal is unclear due to overlapping. taken together with the 1 H-NMR, the DEPT-135 and proton-detected gHSQC spectral data, the presence of one methoxy, three methylene and fourteen methine resonances could be assigned for 1. The remaining quaternary carbons were assignable to a carbonyl (δ 169.2) and three quaternary aromatic carbons two of which are oxygenated (δ 127.7, 149.5, 151.0) . The 1 H-NMR spectrum of 1 exhibited signals for three aromatic protons at δ 7.19 (d, J = 2.0 Hz), 7.07 (dd, J = 2.0, 8.2 Hz) and 6.80 (d, J = 8.2 Hz) as an ABX system, and two olefinic protons at δ 7.64 and 6.39 as an AX system (J AX = 16.0 Hz). These signals, plus the methoxy singlet at δ 3.89 were consistent with the presence of a trans-ferulic acid moiety. Since the feruloyl moiety accounts for six degrees of unsaturation, 1 had to have one additional ring. An an-omeric proton signal appeared at δ 4.36 (d, H-1) and the resonances in the region of δ 3.27Ð4.52 along with the corresponding carbon signals inferred from the gHSQC spectrum, suggested the presence of a glucopyranose unit. The position of the glucose was judged from the large coupling constant value (J 1,2 = 7.8 Hz) of H-1. This left six 13 C signals to be assigned. The DEPT-135 spectrum contained signals for two methylene and four methines in the region of δ 65.2Ð73.7, but no anomeric carbon resonance around δ 100, indicating the second sugar to be an acyclic hexitol. From this data, associated with the interpretation of the gCOSY spectrum, the hexitol was identified as glucitol (Colson et al., 1975) . The gHMBC (J = 8 Hz) experiment (see Table I ) permitted the determination of the glycosidic linkages. The feruloyl group was positioned at C-6 of the glucose on the basis of obvious deshielding of both H 2 -6 and C-6 (δ H 4.52 dd, J = 12.1, 2.0 Hz, δ H 4.30 dd, J = 12.1, 5.5 Hz; δ C 64.6) and the observed long range correlations between H 2 -6 and the carbonyl resonance (δ 169.2). The cross-peaks observed be- tween the anomeric proton of glucose (δ 4.36) and the C-6Ј (δ 73.7) of the glucitol unit led to the identification of carbohydrate portion of 1 as -dglucopyranosyl-(1 5 6)-glucitol. In order to confirm the proposed sugar moiety, compound 1 was subjected to alkaline hydrolysis (5% methanolic KOH). The adduct was co-TLCed with gentiobiose ( -d-glucopyranosyl-(1 5 6)--d-glucopyranoside), isomaltitol (α-d-glucopyranosyl-(1 5 6)-glucitol) and -d-glucopyranosyl-(1 5 6)-glucitol (4), which was prepared by reduction of gentiobiose. The alkaline hydrolysis product of 1 gave a spot which had the same R f value with that of 4 in two different TLC solvent systems. Furthermore, the 1 H-and 13 C-NMR data of 4 were found to be identical with the carbohydrate chain of 1 (see Material and Methods). Hence, the structure of compound 1 was established as 6-O-feruloyl--dglucopyranosyl-(1 5 6)-glucitol.
Additionally, the underground parts of G. orientalis yielded two known sucrose esters, 6-O-caffeoyl--d-fructofuranosyl-(2 5 1)-α-d-glucopyranoside (2) (Wang et al., 1999) , 6-O-feruloyl--
